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5+&!&U)8A<&!$%!='*8!@)$<<)'-!)+-!;*S*'T&'%R!S9&'&!(9&/!*.%&'?&-!6X%9)A&-!)+-!3X
%9)A&-!&-C&X*+!<)8&<<)&!=*'!(9&!&+)+($*8&'%!*=!A*</bHX<);($-&c!)+-!A*</b#X<);($-&c!
'&%A&;($?&</! bG$C7'&! LQkcQ! 67;9! '&%7<(%! $+-$;)(&-! (9)(! (S*! ;9$')<! A*</8&'%! S$(9!
-$==&'&+(!;9$')<!8*<&;7<)'!;*+=$C7')($*+%!bHX!)+-!#Xc!A*%%&%%!(9&!*AA*%$(&!A'&=&''&-!
.&+-$+C! -$'&;($*+%! =*'! <)8&<<)'! ;'/%()<%R! )+-! (9&! '&%7<()+(! (S$%(&-! ;'/%()<<$+&!
<)8&<<)&!$+!(9&!%A9&'7<$(&%!)'&!'$C9(X9)+-&-!)+-!<&=(X9)+-&-!'&%A&;($?&</QiiRif!
!
!
5<JK;:'78R',*<)'$a&-!<$C9(!8$;'*%;*A/!8*'A9*<*C$;)<!8$;'*C')A9%!*=!,1E!bFdXLLcQ!
b)c!(9&!.'*T&+!=*;)<!;*+$;!(&U(7'&!*=!6Dd!A9)%&!)(!LKK!mDQ!b.c!(9&!=*;)<!;*+$;!(&U(7'&!
*=!6"d!A9)%&!)(!LiK!mDQ!b;c!(9&!=$<)8&+(!(&U(7'&!*=!E:Y"!A9)%&!)(!LeK!mD!S$(9!)+!$+%&(!
*=!(9&!'&8)$+$+C!=$<)8&+(!(&U(7'&!*=!(9&!E:Y"!A9)%&!)(!LeJ!mDQ!bG$C7'&%!'&A'$+(&-!
='*8!F&=!iMc'
!
!! LM!
!
5<JK;:'78S'b)c!Le+8!(9$;T!,#H"!=$<8!;'/%()<<$a&-!)(!Lif!mDn!b.c!Li+8!(9$;T!,HH"!
=$<8!;'/%()<<$a&-!)(!Lif!mDQ!,#H"!%9*S%!3X%9)A&-!&-C&X*+!;'/%()<%!)+-!,HH"!6X
%9)A&-!&-C&X*+!;'/%()<%Q!bG$C7'&%!'&A'$+(&-!='*8!F&=!iiRifc'
!
G*'!YD,%!S$(9!;9$')<!;*+%($(7&+(!.<*;TR!8)+/!&U)8A<&%!9)?&!.&&+!%9*S+!$+!
%&;($*+!LQMQJ!S$(9!(9&!=*'8)($*+!*=!9&<$;)<!%7A&'%('7;(7'&%!$+!%*<7($*+%Q!"!%*<$-!%()(&!
8*'A9*<*C/! S$(9! 9&<$;)<! %&+%&! S)%! *+</! -$%;*?&'&-! ./! 4*r%! C'*7A! $+! -$.<*;T!
;*A*</8&'! ,6X=X,HH"! '&;&+(</! )+-! +)8&-! )%! 4d! A9)%&QL! E9'*7C9! )! +78.&'! *=!
&UA&'$8&+()<! %(7-$&%R! (9$%! C'*7A! 9)%! %9&-! <$C9(! *+! 8)+/! )%A&;(%! *=! (9&! ;9$')<$(/!
(')+%=&'!A'*;&%%!$+!(9&!,6X=X,HH"!%/%(&8Q!#&%A$(&!(9$%!A'*C'&%%R!(9&'&!)'&!)!+78.&'!
*=!$8A*'()+(!)+-!*A&+!B7&%($*+%!'&8)$+$+C!(*!.&!)+%S&'&-Q!E9&!&UA&'$8&+()<!=*;7%!
*=! (9$%! (9&%$%!S$<<! .&! (9&! =*'8)($*+! *=! (9&!4d!A9)%&! $+! ,6X=X,HH"! ;*A*</8&'%Q!0&!
.&C$+!S$(9!)!-&()$<&-!'&?$&S!*=!(9&!S*'T!*+!(9$%!%/%(&8!$+!(9&!+&U(!%&;($*+Q!
!
78O %?<;@A'-AHMT'%HNHACI:;F'U-%/FVW'
E9&! (&'8! t;9$')<! .<*;T! ;*A*</8&'u! '&=&'%! (*! )! YD,!S$(9! )(! <&)%(! *+&! *=! $(%!
;*+%($(7&+(!.<*;T! =*'8&-!./!;9$')<!8*+*8&'%R! 1.).R!8*+*8&'%!S$(9!;*+=$C7')($*+)<!
;9$')<$(/Q! 2+%A$'&-!./!?)'$*7%!9&<$;)<! %7A&'%('7;(7'&%! =*'8&-! $+! %*<7($*+%!./!;9$')<!
!! Li!
YD,%d!)+-!(9&$'!*'$C$+%!*=!8*<&;7<)'!<&?&<!;9$')<$(/R!4*!)+#'9.!-&%$C+&-!)+-!&U)8$+&-!
(9&!%/%(&8!*=!,6X=X,HH"R!$+!(9&!9*A&!(9)(!(9&!+*+X');&8$;!8*<&;7<)'!;9$')<$(/!;)+!.&!
(')+%=&''&-!(*!8&%*%;)<&!(*!=*'8!;9$')<!A9)%&%QMf!
!
!
5<JK;:'78X'b)c!Y'$C9(X=$&<-!E1@!8$;'*C')A9%!)+-!b.c!L#!6"[6!A'*=$<&!*=!)!%&<=X
)%%&8.<&-!(S$%(&-!8*'A9*<*C/!$+!(9&!,6X=X,HH"!.7<T!%)8A<&!S$(9!,HH"!?*<78&!
=');($*+!*=!KQMiQ!bG$C7'&%!'&A'$+(&-!='*8!F&=!Lc'
!
"!?)'$&(/!*=!,6X=X,HH"!YD,%d!S$(9!-$==&'&+(!?*<78&!')($*%!S&'&!%/+(9&%$a&-!
(9'*7C9!(S*X%(&A!<$?$+C!A*</8&'$a)($*+!(&;9+$B7&%Qie!2+!;*+(')%(!(*!(9&!=*'8)($*+!*=!
;*+?&+($*+)<!A9)%&%! ='*8!(9&!%&<=X)%%&8.</!*=!);9$')<!YD,%R!)! (S$%(&-!8*'A9*<*C/!
S)%! =$'%(! *.%&'?&-! 7+-&'! E1@! =*'! (9&! %/%(&8!S$(9! ,HH"! ?*<78&! =');($*+! *=! KQMi!
bG$C7'&!LQjcQL!
E*!.&((&'!?$%7)<$a&!)+-!7+-&'%()+-!(9&!(S$%(&-!8*'A9*<*C/R!4*!)+#'9.!)AA<$&-!
8&(9*-%! <$T&! ($<($+C! (9&!?$&S$+C!)+C<&!)+-!?)'/$+C! (9&!;'*%%X%&;($*+)<! (9$;T+&%%!*=!
8$;'*(*8&-!%)8A<&%!=*'!E1@!$8)C$+C!!bG$C7'&!LQLKcQ!#7&!(*!(9&!$8)C$+C!8&;9)+$%8!
./!S9$;9!J#!E1@!A'*V&;($*+!'&A'&%&+(%!)!M#!*.V&;(R!(9&%&!(&;9+$B7&%!-$-!9&<A!(9&8!
7+-&'%()+-! *=! (9&! ;*8A<$;)(&-! %('7;(7'&Q! G7'(9&'8*'&R! ,HH"!8$;'*-*8)$+%! S&'&!
!! Lf!
%&<&;($?&</!-&C')-&-!7%$+C!)!%*-$78!9/-'*U$-&!b^)54c!%*<7($*+!(*!C$?&!)!,6!A*'*7%!
(&8A<)(&R! S9$;9! S)%! 7%&-! (*! ;*+-7;(! )! %*<XC&<! '&);($*+! $+%$-&! (9&! +)+*;9)++&<%!
'&%7<($+C!$+!%$<$;)!9&<$;)<!+)+*%('7;(7'&%Qi`!2+!(9$%!S)/R!(9&!;*+(')%(!=*'!E1@!$8)C$+C!
S)%! -')8)($;)<</! $8A'*?&-! )+-! (9&! '&%7<($+C! ,6g6$5J! +)+*;*8A*%$(&%! ;)+! .&!
-$'&;(</!?$%7)<$a&-!7+-&'!E1@!S$(9*7(!F75i!%()$+$+CQ!"%!%9*S+!$+!G$C7'&!LQLLR!%$UX
=*<-!-)'T&%(!%A*(%!;)+!.&!;<&)'</! $-&+($=$&-!.&;)7%&!*=!(9&!*?&'<)AA$+C!A)'(%!*=!(9&!
9&U)C*+)<</! A);T&-R! $+(&'-$C$()(&-! 9&<$;)<! 8$;'*-*8)$+%! S$(9! %$C+$=$;)+(! ;*+(')%(!
)<*+C!(9&!9&<$;)<!;&+(')<!)U&%Q!2+!)--$($*+R!E1@!(*8*C')A9/R!)!-$'&;(!$8)C$+C!*=!)!M#!
+)+*%;)<&! *.V&;(R! ;)+! )<%*! .&! 7($<$a&-! )=(&'! (9$%! ('&)(8&+(! )+-! A'*?$-&%! ?)<$-! M#!
$8)C&%!*=!(9$%!;*8A<$;)(&-!8*'A9*<*C/!bG$C7'&!LQLLcQ!E9&!$8)C&!;<&)'</!A'*?&%!(9&!
9&<$;)<! %&+%&! *=! (9&! +)+*%('7;(7'&R! )+-! A'*?$-&-! (9&! $+=*'8)($*+! *=! 9&<$U!
9)+-&-+&%%!(9)(!;)++*(!.&!*.()$+&-!='*8!(9&!J#!A'*V&;($*+!$8)C&!*=!E1@Qik!
!
!! Le!
!
5<JK;:'787Y'Y'$C9(X=$&<-!E1@!8$;'*C')A9%!*=!,6X=X,HH"!YD,d!S$(9!,HH"!=');($*+!
&B7)<!(*!KQMiR!?$&S&-!A)')<<&<!(*!(9&!;&+(')<!)U&%!*=!(9&!9&<$;&%!S$(9!%&;($*+!
(9$;T+&%%!*=!b)c!fK!+8!)+-!b.c!`K!+8Q!6$87<)(&-!(*AX?$&S!A'*V&;($*+!$8)C&%!S$(9!b;c!
(!o!KQf,n!b-c!(!p!KQf,!)+-!b&c!(!q!,!S9&'&!(!$%!%)8A<&!(9$;T+&%%!)+-!,!$%!9&<$;)<!A$(;9!
<&+C(9Q!bG$C7'&%!'&A'$+(&-!='*8!F&=!ikc'
!
!
5<JK;:'7877'Y'$C9(X=$&<-!E1@!8$;'*C')A9%!*=!,6g6$5J!9&<$;)<!+)+*;*8A*%$(&%!
?$&S&-!A)')<<&<!(*!(9&!9&<$;)<!;&+(')<!)U&%!=*'!b)c!`K!+8!)+-!b.c!LfK!+8!(9$;T+&%%!
%)8A<&%Q!2+%&(%!'&A'&%&+(!(9&!;*''&%A*+-$+C!%$87<)(&-!A'*V&;($*+!$8)C&%Q!M#!E1@!
?$%7)<$a)($*+!S$(9!)!-)'T!8)('$UO!b;c!;'*%%X%&;($*+)<!?$&Sn!b-c!)+-!b&c!$8)C&%!?$&S&-!
A)')<<&<!(*!(9&!9&<$;)<!;&+(')<!)U&%!)+-!%<$C9(</!($<(&-!='*8!(9&!9&<$;)<!;&+(')<!)U&%Q!
bG$C7'&%!'&A'$+(&-!='*8!F&=!ikc'
!! L`!
!
!
5<JK;:'787>'6;9&8)($;!4d!A9)%&!$+!S9$;9!(9&!9&<$;&%!)'&!A);T&-!$+!)!9&U)C*+)<!
<)(($;&!S$(9!)+!$+(&'-$C$()(&-!;9)');(&'!b<&=(cR!A'*%A&;($?&!?$&S!b;&+(&'c!)+-!
%$87<)(&-!$8)C&!A'*V&;(&-!)<*+C!(9&!a!-$'&;($*+!*=!(9&!4d!A9)%&!b'$C9(cQ!bG$C7'&!
'&A'$+(&-!='*8!F&=!ikc'
!
Y)%&-! *+! (9&! -&()$<&-! %('7;(7'&! )+)</%$%! )+-! (9&! '&%7<(%! ='*8! [X')/! %8)<<X
)+C<&!%;)((&'$+C!)+-!S$-&X)+C<&!-$==');($*+R!4*!)+#'9.!A'*A*%&-!)!+&S!A9)%&!$+!S9$;9!
;9$')<! 8$+*'$(/! .<*;T%! =*'8! 9&U)C*+)<</! A);T&-! 9&<$;&%! S$(9! $+%$C+$=$;)+(!
;'/%()<<$+$(/! &8.&--&-! $+%$-&! (9&!8)('$U! *=! );9$')<!8)V*'! .<*;T! b4d! A9)%&cQ! E9&/!
)<%*! -&(&'8$+&-! (9&! %('7;(7'&! A)')8&(&'%! %7;9! )%! (9&! ')-$7%! )+-! A$(;9! =*'! (9&%&!
+)+*9&<$;&%!)%!%9*S+!$+!G$C7'&!LQLJQ!
E9&! =*'8)($*+!*=!4d!A9)%&!S)%! =7'(9&'! $+?&%($C)(&-! (9'*7C9!%/+(9&%$a$+C!)!
%&'$&%!*=!,6X=X,HH"!YD,%d!S$(9!-$==&'&+(!;*8A*%$($*+%R!$+!*'-&'!(*!;*+%('7;(!)!A9)%&!
-$)C')8!=*'!(9&!%/%(&8!bG$C7'&!LQLMcQ!Y&%$-&!(/A$;)<!8*'A9*<*C$&%!%7;9!)%!6!bYDDcR!
DR!:R!)+-!H!S9$;9!9)?&!.&&+!=*7+-!$+!);9$')<!YD,%R!(9&!4d!A9)%&!S)%!*.%&'?&-!S$(9!
,HH"!?*<78&!=');($*+!')+C$+C!.&(S&&+!KQMJ!)+-!KQMe!)+-!8*<&;7<)'!S&$C9(!).*?&!
;&'()$+! ;'$($;)<! ?)<7&! b)'*7+-! JKRKKK! (*! JfRKKK! Cg8*<c! $+! (9&! ,6X=X,HH"! YD,%dQik!
!! Lk!
6().$<$(/!*=! (9&!4d!A9)%&!S)%!)<%*! %(7-$&-! (9'*7C9! <*+CX($8&! (9&'8)<!)++&)<$+C!)(!
(&8A&')(7'&!.&<*S!E8!*=!,HH"!)+-!).*?&!EC!*=!,6!bLiK!mDcQ!2(!S)%!=*7+-!(9)(!(9&!4d!
A9)%&!S*7<-!(')+%=&'!$+(*!A'*?&+!%().<&!8*'A9*<*C$&%!<$T&!D!*'!:!-&A&+-$+C!*+!(9&!
,HH"!;*8A*%$($*+R!)+-!;)++*(!.&!'&;*?&'&-!(9'*7C9!;**<$+C!*=!(9&!;*''&%A*+-$+C!D!
*'! :! A9)%&%Qik! 4*S&?&'R! (9&! 7+-&'</$+C! '&)%*+! =*'! %7;9! (')+%$($*+! $%! %<$C9(</!
B7&%($*+).<&Q!"!%$8$<)'!'&%7<(!9)%!.&&+!'&A*'(&-!./!(9&!C'*7A!$+!(9&$'!&)'<$&'!A)A&'R!
$+! S9$;9! (9&! 4d! A9)%&! S)%! ;*+?&'(&-! $+(*! D! A9)%&! .&;)7%&! *=! ,HH"! .<*;T!
;'/%()<<$a)($*+!7+-&'!%*=(X;*+=$+&8&+(R!1.).R!)(!(&8A&')(7'&!).*?&!(9&!C<)%%!(')+%$($*+!
*=!,6!.<*;TQij!
!
!
5<JK;:'787L',9)%&!-$)C')8!*=!(9&!,6X=X,HH"!YD,%d!S$(9!'&%A&;(!(*!*?&')<<!
8*<&;7<)'!S&$C9(!)+-!;*8A*%$($*+Q!bG$C7'&!'&A'$+(&-!='*8!F&=!ikc'
!
,6X=X,HH"!YD,%d!9)?$+C!)!,HH"!8)V*'$(/!S)%!)<%*!%/+(9&%$a&-!)+-!%(7-$&-!
./!4*!)+#'9Qie!2+(&'&%($+C</R!;*'&X%9&<<!;/<$+-'$;)<!+)+*%('7;(7'&%!;)+!.&!=*7+-!$+!(9&!
%&<=X)%%&8.<&-! &B7$<$.'$78! .7<T! 8*'A9*<*C/! *=! (9&! ,6X=X,HH"! YD,%d! S$(9! ,HH"!
?*<78&!=');($*+!&B7)<!(*!KQef!bG$C7'&!LQLicR! $+!S9$;9!,HH"!.<*;T!%()/%!)8*'A9*7%!
)%!&?$-&+;&-!./!0"[#!'&%7<(%Q!!"=(&'!;*8A)'$%*+!S$(9!(9&!%&<=X)%%&8.</!.&9)?$*'!*=!
!! Lj!
;9$')<!<$A$-!.$<)/&'!8*<&;7<&%R!(9&%&!'&%&)';9&'%!&UA<)$+&-!(9&!=*'8)($*+!*=!(9&!;*'&X
%9&<<! %('7;(7'&! )%! (9&! ;*+%&B7&+;&! *=! ;9$')<$(/! -'$?&+! (S$%($+C! )+-! .&+-$+C! *=!
.$<)/&'&-!+)+*%('7;(7'&%!(9'*7C9!(9&!%;'*<<$+C!*=!9&<$;)<!8$;'*-*8)$+%Q!
!
!
5<JK;:'787O'E1@!8$;'*C')A9%!*=!;*'&X%9&<<!%('7;(7'&%!=*'8&-!$+!(9&!.7<T!%)8A<&%!
*=!,6X=X,HH"!S$(9!,HH"!?*<78&!=');($*+!*=!KQefO!b)c!)<*+C!)+-!b.c!+*'8)<!(*!(9&!
;/<$+-&'!)U$%Q!b;c!D*''&%A*+-$+C!L#!6"[6!A'*=$<&Q!bG$C7'&%!'&A'$+(&-!='*8!F&=!iec'
!
4*!)+-! ;*S*'T&'%! )<%*!A&'=*'8&-!8)+/!*(9&'! %(7-$&%!.)%&-!*+!,6X=X,HH"!
;9$')<!YD,%dR! $+;<7-$+C! ;'/%()<<$a)($*+!*=!,HH"!.<*;T!S$(9$+! (9&! ;*+=$+&8&+(!*=!,6!
8)('$URij!%&<=X)%%&8.<&-!%7A&'%('7;(7'&%!'&%7<($+C!='*8!)--$+C!+*+X%*<?&+(!(*!,6X=X
,HH"!%*<7($*+RfK!)+-!(9&!*'-&'X*'-&'!(')+%$($*+!*=!4d!A9)%&!(*!:!A9)%&fL!S9$;9!S)%!
=7'(9&'! 7($<$a&-! )%! (&8A<&! (*! =).'$;)(&! .$;*+($+7*7%! $+*'C)+$;! +&(S*'T!
%('7;(7'&%QMfRfJ! "! -&()$<&-! %788)'/! *=! (9&%&! 7+$B7&! A9)%&! .&9)?$*'%! *=! (9&! ,6X=X
,HH"!%/%(&8!;)+!.&!=*7+-!$+!(9&$'!'&?$&SQfM!
JK!
2+! )--$($*+! (*! (9&%&! S*'T! S9$;9! 8*%(</! =*;7%! *+! (9&! )AA<$;)($*+%! *=! 4d!
8*'A9*<*C/R! '&;&+(</! 4*! )+# '9.! &U)8$+&-! (9&! ;$';7<)'! -$;9'*$%8! bD#c! )+-!
=<7*'&%;&+;&! *=! (9&! );9$')<! A&'/<&+&!8*$&($&%! <*;)(&-! )(! (9&! V7+;($*+%! *=! (9&! ,6X=X
,HH"g,#H"!YD,%dQ!E9&/!*.%&'?&-!%('*+C!D#!%$C+)<%!)+-!)!.)(9*;9'*8$;!%9$=(!*=!(9&!
=<7*'&%;&+;&!&8$%%$*+!)%%*;$)(&-!S$(9!(9&!%&<=X)%%&8.</!*=!(9&!,6X=X,HH"g,#H"!$+!
(*<7&+&R! )! %&<&;($?&! %*<?&+(! =*'! ,6R! S9$;9! S)%! $+(&'A'&(&-! )%! (9&! $+-$;)($*+! *=!
(S$%($+C! )+-! %9$=($+C! *=! 8*<&;7<)'! A*%$($*+%! *=! %7;9! A<)+)'! A&'/<&+&! =7+;($*+)<!
C'*7A%! )(! (9&! ,6g,HH"! *'! ,6g,#H"! $+(&'=);&Q! E9&! t%9$=($+C! )+-! (S$%($+Cu! *=!
$+(&'=);$)<!C'*7A%!S)%!$+(&'A'&(&-!(*!-&'$?&!='*8!)!9)+-&-!$+(&'X8*<&;7<)'!A);T$+C!
*=!,HH"g,#H"!(9)(!7<($8)(&</!-'*?&!(9&!=*'8)($*+!*=!(9&!4d!A9)%&Q!bG$C7'&!LQLfcQfi!!
!
!
5<JK;:'787P'6;9&8)($;!$<<7%(')($*+!*=!(9&!9/A*(9&($;)<!8&;9)+$%8!*=!(')+%=&'!*=!
;9$')<$(/!='*8!8*<&;7<)'!<&?&<!$+(*!A9)%&!<&?&<!$+!(9&!%&<=)%%&8.</!*=!YD,%dQ!bG$C7'&!
'&A'$+(&-!='*8!F&=!fic'
!
!! JL!
78P 4?:H;C'HG'1<M;HN?@F:'2:N@;@B<HD'<D'-%/F'
YD,%d!.&<*+C!(*!(9&!C'*7A!*=!.<*;T!;*A*</8&'%R!S9$;9!9)%!.&&+!&U(&+%$?&</!
%(7-$&-! $+! (9&! <)%(! =&S! -&;)-&%! +*(! *+</! &UA&'$8&+()<</! .7(! )<%*! (9&*'&($;)<</Q! "!
+)(7')<!B7&%($*+!(*!)%T!S*7<-!.&O!;)+!S&!7+-&'%()+-!(9&!=*'8)($*+!*=!(9&!4d!A9)%&!
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!
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#$8&(9/<=*'8)8$-&!b(/A&!22cn!b;c!LRMX#$*U*<)+&!b(/A&!222cn!)+-!b-c!LX^$('*A'*A)+&!
b(/A&!222cQ!2+%&'(O!J#!0"[#!A)((&'+%!*=!;*''&%A*+-$+C!%)8A<&%Q!E1@!%)8A<&%!S&'&!
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!! ik!
;'/%()<<$+&! *'-&'$+CR! (9&+! S&! ;)+! '7<&! *7(! (9&! =$'%(! A*%%$.$<$(/! (9)(! ;'/%()<<$+&!
*'-&'$+C!.&$+C!(9&!'&)%*+!=*'!(9&!=*'8)($*+!*=!(9&!4d!A9)%&Q!"<*+C!S$(9!(9&!'&%7<(%!
=*'! (9&! %<*S! &?)A*')($*+! *=!#D@! )+-! =*'! =$<8%! ;)%(! ='*8!LRMX-$*U*<)+&R!S9&'&!4d!
A9)%&! ;*&U$%(%! S$(9! ,HH"! ;'/%()<%R! S&! 87%(! ;*+;<7-&! (9)(! (9&! ;9$')<! .<*;T!
;'/%()<<$a)($*+!)+-!(9&!4d!A9)%&!)'&!+*(!$+;*8A)($.<&Q!
E9&!-$==&'&+(!.&9)?$*'!*=!(9&%&!%*<?&+(%R!$+!(&'8%!*=!C&+&')($+C!(9&!4d!A9)%&R!
8)$+</! *'$C$+)(&%! ='*8! (9&! A*</8&'X%*<?&+(! $+(&');($*+%R! S9$;9! ;)+! .&! B7)+($=$&-!
7%$+C! (9&! 4)+%&+! %*<7.$<$(/! A)')8&(&'%! b46,%cR! R! *=! (9&! %*<?&+(%! )+-! (9&!
;*A*</8&'%QLe!E*!(9&!.&%(!*=!*7'!T+*S<&-C&R!(9&'&!$%!+*!;*8A<&(&!-)()!%&(!'&A*'(&-!
=*'! (9&! G<*'/X47CC$+%! $+(&');($*+! A)')8&(&'R! R! =*'! )<<! (9&! A*</8&'X%*<?&+(! A)$'%!
7%&-!$+!*7'!&UA&'$8&+(%Q!0&!(97%!(**T!(9&!4)+%&+!%*<7.$<$(/!A)')8&(&'!)AA'*);9!(*!
&%($8)(&!(9&!-$==&'&+(!$+(&');($*+%R!%$+;&!!;)+!.&!;)<;7<)(&-!$+!(&'8%!*=!!)%LeRJe!
χ =
+ , - . / 0 1 2
3 4
δ
, - . / 0 1 2
−δ 5
- . 6 7 0 8
( ) 9
* ffi fi :
S9&'&!!!"#$%&'!$%!(9&!8*<)'!?*<78&!*=!(9&!%*<?&+(R!!!$%!(9&!C)%!;*+%()+(R!)+-!!!"#$%&'!
)+-!!!"#$%&' !)'&!(9&!%*<7.$<$(/!A)')8&(&'%!*=!(9&!%*<?&+(!)+-!A*</8&'!'&%A&;($?&</Q!
G*<<*S$+C!4)+%&+r%! ('&)(8&+(R! (9&! %*<7.$<$(/!A)')8&(&'%! ;)+!.&!-$?$-&-! $+(*! (9'&&!
A)'($)<!%*<7.$<$(/!A)')8&(&'!;*8A*+&+(%!-&%;'$.$+C!(9&!-$%A&'%$?&!$+(&');($*+!b!!cR!
(9&!A*<)'!;*9&%$?&!&+&'C/R!%7;9!)%!A&'8)+&+(!-$A*<&X-$A*<&! $+(&');($*+%R! b!!cR!)+-!
(9&!&<&;('*+!&U;9)+C&!A)')8&(&'R!%7;9!)%!9/-'*C&+!.*+-$+C!b!!cOJe!
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* ffi  :
E9&!46,%! =*'!)<<! (9&!%*<?&+(%R!)%!S&<<!)%!,6R!,H"R!,HH"R!)'&! <$%(&-! $+!E).<&!JXM!)+-!
E).<&!JXiQ!E9&'&!)'&!(S*!%&(%!*=!46,!?)<7&%!'&A*'(&-!=*'!,HH"Q!0&!;9*%&!(*!7%&!(9&!
!! ij!
*+&%!(9)(!)'&!8)'T&-!$+!.*<-R!%$+;&!(9&!A)'($)<!%*<7.$<$(/!A)')8&(&'%!)'&!;<*%&!(*!(9&!
*+&%!'&A*'(&-!=*'!(9&!S&<<X%(7-$&-!);9$')<!,H"Q!2+%(&)-!*=!;)<;7<)($+C!G<*'/X47CC$+%!
$+(&');($*+! A)')8&(&'! R! 6T))'7A! $+('*-7;&-! )! +&S! ?)'$).<&!!"!;9)');(&'$a$+C! (9&!
t-$%()+;&u!.&(S&&+!(S*!8)(&'$)<%!.)%&-!*+!(9&!(9'&&!A)'($)<!%*<7.$<$(/!A)')8&(&'%!*=!
(9&!;*8A*+&+(%OJe!
? @
( )A = δ B
A
−δ B C( )A + δ D
A
−δ D C( )A + δ E
A
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"%!=*'!&);9!A*</8&'R!(9&'&!$%!)+!&UA&'$8&+()<</!-&(&'8$+&-!')-$7%!*=!(9&!%*<7.$<$(/!
%A9&'&!!"R! S9$;9! ;)+! .&! 7%&-! (*! -&(&'8$+&! $=! )! %A&;$=$;! %*<?&+(! ;)+! -$%%*<?&! (9&!
A*</8&'!b!" ! !"cQ!E9&!!"!?)<7&%! =*'!,6R!,H"!)+-!,HH"!)'&! <$%(&-! $+!E).<&!JXM!)%!
S&<<R!)+-!(9&!t-$%()+;&u!=*'!&);9!%*<?&+(!S$(9!'&%A&;(!(*!,6!)+-!,HH"!)'&!$+;<7-&-!$+!
E).<&! JXiQ! E9&! C&+&')<! ('&+-! $%! (9)(! (9&! %8)<<&'! ')($*!!"!!"!$%R! (9&! <)'C&'! $%! (9&!
)==$+$(/!.&(S&&+!(9&%&!(S*!%A&;$&%Q!"!+78.&'!K!S*7<-!.&!+*!&+&'C/!-$==&'&+;&R!<&%%!
(9)+!L!$+-$;)(&%!)!9$C9!)==$+$(/R!)+-!C'&)(&'!(9)+!L!$+-$;)(&%!<*S!)==$+$(/QJe!
!
4@]A:'>^L'4)+%&+!6*<7.$<$(/!,)')8&(&'%!=*'!(9&!,*</8&'%'
/HACI:;!
!@DF:D'2HAK]<A<BC'/@;@I:B:;'U1/@Y8PW! !<AE:];@DE'
U1/@Y8PW!`E! `N! `?! )H!
,*</%(/'&+&!b,6cJe! >78L! P8S! O8L! 7>8R! LkQk!
,*</<);($-&!b,H"cJ`!
7R8Q7! P8LY! P8SY! 7L8PL!
JLQ`!LeQkf! jQKK! iQKf! jQ`i!
LkQfK! jQ`K! eQKK! LKQfK!
,*</bHX<);($-&c!
b,HH"cJkRJj!
7R8X! P8X! Q8O! L8X!
JJQJ!
LjQ`M! JQik! JKQjJ! X!
!
!! fK!
4@]A:'>^O'4)+%&+!6*<7.$<$(/!,)')8&(&'%!=*'!(9&!6*<?&+(%!>%&-!$+!(9&!1UA&'$8&+(%Je'
2HA9:DB!
!@DF:D'2HAK]<A<BC'/@;@I:B:;'U1/@Y8PW!
!<AE:];@DE'
U1/@Y8PW!`E! `N! `?!
)@a)H'
U/2W'
)@a)H'
U/##&W!
E/A&!2!
Y&+a&+&! LkQi! KQK! JQK! KQe` LQjK LkQk!
E*<7&+&! LkQK! LQi! JQK! KQef LQeJ LkQJ!
E&(')9/-'*=7')+! LeQk! fQ`! kQK! KQ`e KQej LjQf!
@&(9/<!&(9/<!T&(*+&! LeQK! jQK! fQL! KQk` LQML LjQK!
1(9/<!);&()(&! LfQk! fQM! `QJ! KQjK LQLK LkQe!
D)'.*+!-$%7<=$-&! JKQf! KQK! KQe! KQfe JQfL JKQf!
Y7(/'*+$('$<&! LfQM! LJQi! fQL! LQKk JQLf JKQL!
E/A&!22!
#D@! LkQJ! eQM! eQL! KQfL KQJL LjQk!
D9<*'*=*'8! L`Qe! MQL! fQ`! KQeM KQ`i LjQK!
LRJX#$;9<*'*&(9)+&! LkQK! `Qi! iQL! KQfi KQ`J JKQL!
LRLRJXE'$;9<*'*&(9)+&! LkQJ! fQM! eQk! KQfM KQJM LjQe!
#Y@! L`Qk! eQi! `QK! KQfj KQJL JKQL!
#@G! L`Qi! LMQ`! LLQM! LQKM JQMk JiQe!
E/A&!222!
LRMX#$*U*<)+&! LkQL! eQe! jQM! KQef KQ`` L`Qe!
D9<*'*.&+a&+&! LjQK! iQM! JQK! KQiM LQMM LjQi!
LX^$('*A'*A)+&! LeQe! LJQM! fQf! KQjL LQ`j JLQL!
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C&+&')<!A**'!%*<?&+(%!=*'!,HH"R!S$(9!(9&!&U;&A($*+!*=!(&(')9/-'*=7')+!bE4GcQ!0$(9!
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=*'!,6!.7(!A**'!%*<?&+(%! =*'!,HH"R!)+-!E/A&!22!%*<?&+(%!)'&!C**-!%*<?&+(%! =*'!.*(9!
A*</8&'%Q!0&!(9$+T!(9)(!(9&!<*S!)==$+$(/!*=!E/A&!2!%*<?&+(%!(*S)'-%!,HH"!=*';&%!(9&!
A*</8&'!;9)$+%!(*!%()/!$+!)!;*<<)A%&-!%()(&!)+-R!(97%R!-&X%*<?)(&!)+-!;'/%()<<$a&!8*'&!
'&)-$</!-7'$+C!(9&!%*<?&+(!'&8*?)<!A'*;&%%R!)%!;*8A)'&-!(*!(9&!S&<<!%*<?)(&-!%()(&!
C&+&')(&-! ./! E/A&! 22! %*<?&+(%Q! E9&! A'&;$A$()($*+! *=! ,HH"! ;9)$+%! ='*8! E/A&! 22!
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(9&%&! %*<?&+(%! )'&! B7$(&! -$==&'&+(Q! 0&! %A&;7<)(&! (9)(! LRMX-$*U*<)+&! )+-!
;9<*'*.&+a&+&! )'&! ;<*%&! (*! (9&! %*<7.$<$(/! .*7+-)'/! b!"!!" ! !c! *=! ,HH"! .7(! %($<<!
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!! fJ!
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>8O %HDMAKF<HDF'
E9&! $+=<7&+;&!*=! %*<?&+(! &?)A*')($*+! ')(&! )+-!A*</8&'X%*<?&+(! $+(&');($*+%!
*+! (9&! =*'8)($*+!*=! (9&!4d!A9)%&! $+!YD,%d!S&'&! %(7-$&-!./! (')+%8$%%$*+!&<&;('*+!
8$;'*%;*A/! bE1@cR! %8)<<X)+C<&! [X')/! %;)((&'$+C! b6"[6c! )+-! S$-&X)+C<&! [X')/!
-$==');($*+! b0"[#cQ! E9&! =*'8)($*+! *=! (9&! 4d! A9)%&! S)%! ;*+=$'8&-Q! E9&! %*<?&+(!
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=*7+-! (9)(! )(! (&8A&')(7'&%! ;<*%&! (*! (9&! .*$<$+C! A*$+(%! *=! (9&! %*<?&+(%R! (9&! YD,d!
6HH"LK! ;*7<-! =*'8! (9&!4d! A9)%&R! .7(! +*(! )(! (&8A&')(7'&%!S9&'&! (9&! &?)A*')($*+!
')(&%!S&'&!'&-7;&-Q!E9&%&!'&%7<(%!;)+!.&!)(('$.7(&-!(*!(9&!;*8A&($($*+!.&(S&&+!(9&!
')(&! *=! %*<?&+(! &?)A*')($*+R! (9&! 8$;'*A9)%&! %&A)')($*+! *=! (9&! YD,dR! (9&! A*</8&'!
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%*<?&+(! &+).<&%! (9&! ;'/%()<<$a)($*+! *=! (9&! ,HH"R! S9$<&! =)%(! %*<?&+(! '&8*?)<!
%7AA'&%%&%!(9&!;'/%()<<$a)($*+!)+-!<&)-%!(*!(9&!=*'8)($*+!*=!4d!A9)%&Q!2+!)--$($*+R!Le!
-$==&'&+(!%*<?&+(%!S&'&!$+?&%($C)(&-!)+-!$(!S)%!=*7+-!(9)(!(9&!%*<?&+(%!=&<<!$+(*!(9'&&!
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)+-! ,HH"! &+).<&-! (9&! =*'8)($*+! *=! (9&!4d! A9)%&Q! D*+%&B7&+(</R!S&! ;)+! ;*+;<7-&!
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>8P ):G:;:DM:'
! bLc! 4)8<&/R! 2Q! 0QO! D'/%()<<$a)($*+! $+! .<*;T! ;*A*</8&'%Q! P*+)(7'<),#
B(%,+'991Z'+1"*#[1,<")9',+1<1+%!7XXXR!COKR!LLMXLM`Q!
! bJc! H**R!IQ!HQn!F&C$%(&'R!FQ!"Qn!F/)+R!"Q!WQO!@*-&%!*=!;'/%()<<$a)($*+!$+!.<*;T!
;*A*</8&'! 8$;'*-*8)$+%O! Y'&)T*7(R! (&8A<)(&-R! )+-! ;*+=$+&-Q! -'<("$"9)<69),!
>YY>R!VXR!JMefXJM`iQ!
! bMc! D9$)+CR!IQ!0Qn!4*R!FQ!@Qn!E9*8)%R!1Q!HQn!Y7'C&'R!DQn!4%$)*R!YQ!6QO!"!6A'$+CX
H$T&! Y&9)?$*'! *=! D9$')<! Y<*;T! D*A*</8&'! S$(9! 4&<$;)<! ^)+*%('7;(7'&! #'$?&+! ./!
D'/%()<<$a)($*+Q!A4I'*<)4#Y6*<+1"*'9#-'+)(1'9,!>YYXR!CSR!iikXifjQ!
! bic! D*9&+R!FQ!1Qn!D9&+CR!,Q!HQn!#*7a$+)%R!\Qn!\*=$+)%R!,Qn!Y&'+&/R!DQ!ZQO!,"E4X
#1,1^#1^E! @5F,45H5:216! 5G! "! #2YH5D\! D5,5HI@1F! 5G! ,5HI6EIF1^1!
4I#F5:1^"E1#!,5HIY>E"#21^1Q!-'<("$"9)<69),!7XXYR!DVR!MJiXMJ`Q!
! bfc! 2%9$T)S)R! 6QO! @2DF56EF>DE>F1! 5G! DFI6E"HH2^1X"@5F,45>6!
EI,1! YH5D\XD5,5HI@1F! ,F1,"F1#! GF5@! >HEF"X#2H>E1! 65H>E25^Q! N"9%$)(!
7XXLR!VOR!M`iiXM`ieQ!
! bec! 2%9$T)S)R!6Qn!2%9$a7R!\Qn!G7T7(*8$R!EQO!@2DF5,4"61!61,"F"E25^!"^#!
DFI6E"HH23"E25^! 5G! DFI6E"HH2^1! "@5F,45>6! EI,1! YH5D\! D5,5HI@1F! QJQ!
@2DF56EF>DE>F1! 5G! DFI6E"HH2^1! ,"FEQ! Q6("&)'*# N"9%$)(# @"6(*'9! 7XX>R! DKR!
LJLjXLJJiQ!
! b`c! 2%9$T)S)R!6QO!@2DF5,4"61!61,"F"E25^!"^#!DFI6E"HH23"E25^!5G!
DFI6E"HH2^1X"@5F,45>6! EI,1! YH5D\XD5,5HI@1F! QfQ! E41F@"H!
F1,F5#>D2Y2H2EIQ!Q6("&)'*#N"9%$)(#@"6(*'9!7XXLR!DSR!LeJLXLeJiQ!
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S9&'&!+*(&!(9)(!(9&!$+(&C')($*+!$%!*+</!;)''$&-!*?&'!(9&!"!.<*;TQ!
E9&! =$+)<! %(&A! $+! (9&! 6DGE! ;)<;7<)($*+! $%! (*! -&(&'8$+&! (9&! 8&)+X=$&<-!
;*+-$($*+%! =*'! (9&! &==&;($?&! =$&<-Q! G*'! (9&! %;)<)'! A*(&+($)<%! (9&%&! %&<=X;*+%$%(&+;/!
'&<)($*+%!()T&!(9&!%()+-)'-!=*'8!
!! ji!
ê ë ( ) = χ ì φí ( )+ ξ ( )
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ê
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Ô Õ Ö è î Ø
S9&'&!!!$%! (9&! G<*'/X47CC$+%! A)')8&(&'! =*'! "! )+-! Y! 8$U(7'&%Q! 4&'&R!! ! !$%! )+!
&==&;($?&! A'&%%7'&! =$&<-! (9)(! );(%! &B7)<</! *+! .*(9! .<*;T%! (*! 8)$+()$+! (9&!
$+;*8A'&%%$.$<$(/!;*+%(')$+(!
φï ( )+φð ( ) =
Ô Õ Ö è ñ Ø
E9&!8&)+X=$&<-!;*+-$($*+!=*'!(9&!?&;(*'!A*(&+($)<!'&<)(&%! ! !(*!(9&!8&)+!?)<7&!*=!
*'$&+()($*+)<! %&C8&+()<! $+(&');($*+%! .&(S&&+! +&$C9.*'$+C! %&C8&+(%! C&+&')(&-! ./!
%$+C<&X;9)$+!-$%('$.7($*+R!-&'$?$+C!='*8! ! ! ! !!
!!
!" ! ! !!!! ! R!
( ) = − ò ó ∇ ∇⋅ − ò ô ∇× ∇× + ò ô õ ö ∇× ÷ ø ù ú ø û
E9&! 8&)+X=$&<-! %()(&! *=! (9&! 8&<(! $%! -&(&'8$+&-! ./! (9&! %$87<()+&*7%! %*<7($*+! *=!
&B7)($*+%! biQfc! X! biQLic! =*'! (9&! &==&;($?&! =$&<-%R! ! ! R! ! ! !)+-! ! !)%! S&<<! )%!
8&)+X=$&<-!%&C8&+(!-$%('$.7($*+%R! ! ! !)+-! ! ! R!)+-!(9&!?&;(*'!*'-&'!A)')8&(&'!
! ! Q!:$?&+!)!%&<=X;*+%$%(&+(!%*<7($*+!=*'!(9&%&!=$&<-%R!(9&!(*()<!8&)+X=$&<-!='&&!&+&'C/!
$%!C$?&+!./R!
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S9&'&!! ! !!!!!!$%!(9&!(*()<!;9)$+!+78.&'Q!
Y&=*'&!A'&%&+($+C!(9&!'&%7<(%!*=!(9$%!(9&*'/!=*'!J#!A9)%&%!$+!(9&!+&U(!%&;($*+R!
S&!.'$&=</!-$%;7%%!(9&!+&S!(9&'8*-/+)8$;!A)')8&(&'%!$+('*-7;&-!./!(9$%!(9&*'/Q!"!
B7$;T! $+%A&;($*+! *=! &B7)($*+! biQMc! '&?&)<%! (9)(! (9&! G')+T! &<)%($;! ;*+%()+(%R! !!)+-!
!!R!9)?&!7+$(%!*=!<&+C(9!%B7)'&-R!S9$<&!!!!$%!$+?&'%&</!'&<)(&-!(*!(9&!A'&=&''&-!A$(;9!
*=! )! ;9*<&%(&'$;! (&U(7'&RJe! )+-! 9&+;&R! 9)%! 7+$(%! *=! $+?&'%&! <&+C(9Q! 09&+!
!! jf!
$8A<&8&+($+C!(9$%!6DGE!=*'8)<$%8!+78&'$;)<</R!$(!$%!;*+?&+$&+(!(*!S*'T!$+!'&%;)<&-!
?)'$).<&%Q!2+!A)'($;7<)'R!-7&!(*!(9&!A'&X=);(*'!*=! !!!87(<$A</$+C!(9&!-$==7%$?&!(&'8%!
$+!&B7)($*+%!biQfc!)+-!biQecR!$(!$%!8*%(!;*+?&+$&+(!(*!8&)%7'&!<&+C(9%!$+!7+$(%!*=!(9&!
'**(X8&)+X%B7)'&!&+-X(*X&+-!%$a&!*=!(9&!:)7%%$)+!;*$<R!
!
!!Q!F&%;)<$+C!-$%()+;&%!)%!
! ! ! !
!
!! R!(9&!%&<=X;*+%$%(&+;/!&B7)($*+%!biQLKc!)+-!biQLic!8)/!.&!'&%;)<&-!./!
! ! !
!
!!!)+-! ! !
!
!!Q! 2+%A&;($*+! *=! (9&! '&%;)<&-! =*'8%! *=! &B7)($*+%! biQfc! X!
biQLic! '&?&)<%! (9)(! (9&! =*<<*S$+C! -$8&+%$*+<&%%! &<)%($;! ;*+%()+(%! &+(&'! )%!
(9&'8*-/+)8$;!;*+('*<!A)')8&(&'%!*=!8&<(!.&9)?$*'R!
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E9$%!%;)<$+C!$+-$;)(&%!(9)(!(9&!+)(7')<!%;)<&!=*'!*'$&+()($*+)<!-&=*'8)($*+%!$+!.<*;T!
;*A*</8&'!8&<(%!$%!*=!*'-&'!*=!(9&!-*8)$+!%$a&R!S9$;9!$%!A'*A*'($*+)<!(*!
!
!!!)(!(9&!
*+%&(!*=!*'-&'$+CQ!
G*'! (9&! '&8)$+-&'! *=! (9$%! )'($;<&R! S&! =*;7%! *+! (9&! *+&X;*+%()+(! (9&*'/! *=!
);9$')<! -$.<*;T%R! =*'!S9$;9! ! ! !! ! !!)+-!!! ! !Q! E9&! +78&'$;)<! %*<7($*+! *=! (9&!
%&<=X;*+%$%(&+(! &B7)($*+%! A'*;&&-%! ?$)! %()+-)'-! 8&(9*-%Q! 0&! 7%&! '&)<X%A);&!
)<C*'$(98! $+!S9$;9!)<<! (9&!?)'$).<&%! $+! %A);&!)'&!-$%;'&($a&-!*+!)! '&;()+C7<)'!C'$-!
S$(9!A&'$*-$;!.*7+-)'/!;*+-$($*+%R!)<*+C!S$(9!-$%;'&($a)($*+!*=!(9&!;*+(*7'!?)'$).<&!
!!$+(*! %8)<<! %(&A%! *=! %$a&!!!Q! E9&! 6DGE! &B7)($*+%! )'&! +78&'$;)<</! %*<?&-! 7%$+C! )!
;*8.$+)($*+! *=! ;&+(')<! -$==&'&+;&! 17<&'! 8&(9*-! )+-! =*7'(9X*'-&'! F7+C&X\7(()!
8&(9*-!(*!(9&!A'&;$%$*+!*=!!"!!Q!2+!(9$%!S)/R!S&!*.()$+!(9&!8$+$8$a&-!='&&!&+&'C/!*=!
<)8&<<)'! )+-! ;/<$+-'$;)<!8&%*A9)%&%! S$(9! '&%A&;(! (*! 7+$(! ;&<<! -$8&+%$*+%! =*'! )+/!
(9&'8*-/+)8$;!A)')8&(&'%! !!!"!! Q!
!! je!
!
O8L ):FKABF'@DE'*<FMKFF<HD'
O8L87 /?@F:'-:?@9<H;F'HG'-%/F'=<B?'(;<:DB@B<HD@A'2:JI:DB@A'$DB:;@MB<HDF'
2+! (9&! A'&%&+(! %(7-/! S&! &U)8$+&! (9&! &==&;(! *=! *'$&+()($*+)<! %&C8&+()<!
$+(&');($*+%! *+! (9&! A9)%&! .&9)?$*'! *=! YD,! 8&<(%Q! 0&! *+</! =*;7%! *+! (9&! (S*X
-$8&+%$*+)<! A9)%&%! *=! YD,%!S$(9! *+&! .<*;T! A*%%&%%$+C! *'$&+()($*+)<! $+(&');($*+%R!
(9&!%('&+C(9!*=!S9$;9!$%!8*-&<&-!./!(9&!&<)%($;!;*+%()+(! ! !! ! !!Q!09&+! ! !R!
S&! 9)?&! (9&! %()+-)'-! ;)%&! *=! :)7%%$)+! ;9)$+! -$.<*;T! ;*A*</8&'%! $+(&');($+C! ?$)!
$%*('*A$;!A*(&+($)<%Q!E9&!A9)%&!-$)C')8!*=!%7;9!YD,!%/%(&8!9)%!.&&+!S&<<!%(7-$&-!
)+-!%9*S+!(*!.&!%/88&('$;!S$(9!;'$($;)<!A*$+(!)(!!" ! !"!!"#!)+-!! ! !!!QJ!"!+*+X
a&'*! ?)<7&! *=! !'&=<&;(%! )+! )%/88&('/! )(! (9&! 8*<&;7<)'! %;)<&! .&(S&&+! "! )+-! Y!
.<*;T%R!)+-!9&+;&R!(9&!A9)%&!-$)C')8%!)'&!)%/88&('$;!S$(9!'&%A&;(!(*!;*8A*%$($*+Q!
2+! G$C7'&! iQJ! S&! %9*S! =*7'!!"X!!A9)%&! -$)C')8%! =*'! $+;'&)%$+C! ?)<7&%! *=!
*'$&+()($*+)<X%($==+&%%! $+! (9&! ')+C&! ! !!!!! Q!"%! !$%! $+;'&)%&-!A9)%&!.*7+-)'$&%!
.&(S&&+! (9&! *'-&'&-! A9)%&%;/<$+-&'%R! <)8&<<)! )+-! $+?&'%&X;/<$+-&'%%9$=(! (*!
9"?)(! ?)<7&%! *=!!Q! E9$%! $+-$;)(&%! (9)(! %('*+C! *'$&+()($*+)<! $+(&');($*+%! <&)-! (*! )!
A'&=&'&+;&!=*'!"!.<*;T%!*+!(9&!"6+,14)!*=!;7'?&-!-*8)$+!.*7+-)'$&%R!)+-!)!A&+)<(/!
=*'! "! .<*;T%! *+! (9&! 1*+)(1"(! *=! ;7'?&-! -*8)$+%Q! "<(9*7C9! $(! %(&8%! ='*8! -$==&'&+(!
8*<&;7<)'!*'$C$+R! (9$%!&==&;(! $%!+*(!7+<$T&! (9&!%9$=(!*=!A9)%&!.*7+-)'$&%! $+!8&<(%!*=!
;*+=*'8)($*+)<</X)%/88&('$;! b-$==&'$+C! %&C8&+(! %$a&%cJkXMK! )+-! )';9$(&;(7')<</X
)%/88&('$;!b8$T(*)'8!%()'R!-&+-'$($;cMXfR`RJ`RJk!;*A*</8&'!8&<(%Q!
!
!! j`!
!
5<JK;:'O8>',9)%&!.*7+-)'$&%!.&(S&&+!;/<$+-&'X-$%*'-&'!A9)%&%!)+-!<)8&<<)&X
;/<$+-&'!A9)%&%!=*'!-$==&'&+(!*'$&+()($*+)<!%($==+&%%!?)<7&%R! ! !! !!! Q!E9&!%().<&!
<)8&<<)'!A9)%&!$%!<).&<&-!H!)+-!(9&!;/<$+-&'!A9)%&%!<).&<&-!D1**)(!)+-!D"6+)(!(*!
$+-$;)(&!?&;(*'!*'-&'!$+!(9&!;*'&!)+-!;*'*+)<!-*8)$+%Q'
!
2+!G$C7'&!iQMR!S&!;*+%$-&'!(9&!<*;)($*+!*=!(9&!;'$($;)<!A*$+(!$+!(9&!!"X!!A9)%&!
-$)C')8%R! (9'*7C9! S9$;9! (9&! 8&)+X=$&<-! %()(&! A)%%&%! ;*+($+7*7%</! ='*8! (9&!
-$%*'-&'&-!%()(&!(*!(9&!*'-&'&-R!<)8&<<)!A9)%&Q!0&!+*(&!(S*!('&+-%!S$(9!$+;'&)%$+C!
?)<7&%! *=! *'$&+()($*+)<! %($==+&%%R! Q! G$'%(R! (9&! ;'$($;)<! ;*8A*%$($*+!!!%9$=(%! (*! <*S&'!
?)<7&%!$+-$;)($+C!(9&!'&C$*+!*=!%().$<$(/!*=!(9&!<)8&<<)'!A9)%&%!$%!%9$=(&-R!;*+%$%(&+(!
S$(9!(9&!*?&')<<!)%/88&('/!*=!A9)%&!-$)C')8!=*'!<)'C&! Q!6&;*+-R!S&!+*(&!(9&!')A$-!
$+;'&)%&! $+! (9&! ;'$($;)<! ?)<7&! *=!!"!S$(9! Q! 2+! A)'(R! (9$%! $+;'&)%&! =*<<*S%! ='*8! (9&!
%9$=(!)S)/!='*8!! ! !!!!)<*+C!(9&!'*7C9</!A)').*<$;!%A$+*-)<!;7'?&!)%! !$%!$+;'&)%&-!
='*8!a&'*Q!Y&/*+-!(9$%!%9$=(!(*S)'-%!)%/88&('$;!A9)%&!.&9)?$*'R!S&!)<%*!+*(&!(9)(!
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S9&'&!!! !$%! (9&! 8$-XA*$+(! .&(S&&+! (9&! "X'$;9! )+-! YX'$;9! -*8)$+%! -&=$+&-! ./!
!! !! ! !!!Q! E9&%&! A<*(%! %9*S! (9)(!!!$%! A'&-*8$+)+(</! )! =7+;($*+! *=!!"!)<*+&R!
+)''*S$+C!)%!(9&!-&C'&&!*=!"Y!%&C'&C)($*+!$%!$+;'&)%&-!$+!(9&!')+C&!!" ! !" ! !"Q!
D9)+C&%! $+! *'$&+()($*+)<! %($==+&%%! $+! (9&! ')+C&!! ! ! ! !!!!=*'! )! C$?&+!!"!<&)-! (*!
')(9&'!8)'C$+)<!;9)+C&%! $+! $+(&'=);$)<!S$-(9Q! 2+!;*+(')%(R!-*8)$+!%A);$+C! R!*'! (9&!
;&+(&'X(*X;&+(&'!-$%()+;&!.&(S&&+!)-V);&+(!<)/&'%R!%9*S%!)!8)'T&-!%&+%$($?$(/!(*! Q!
E9&!<)8&<<)'!-*8)$+!%A);$+C!$%!A<*((&-!)%!=7+;($*+!*=!!"!)+-! !$+!G$C7'&!iQib.c!)+-!
b;cR!'&%A&;($?&</Q!09$<&! !$+;'&)%&%!./!!"X!"#!)%!!"!$%!$+;'&)%&-!='*8!(9&!8*-&%(X!
(*! %('*+CX%&C'&C)($*+! '&C$8&! =*'! =$U&-! R! (9&! %$a&! *=! -*8)$+%! %9*S%! )! '*7C9</!
;*8A)').<&! 4)<()',)! )%! !$%! $+;'&)%&-! ='*8! K! (*! KQkR! )(! C$?&+! ?)<7&! *=!!"Q! E9$%!
-&8*+%(')(&%! (9)(! %('*+C! *'$&+()($*+)<! $+(&');($*+%! .&(S&&+! %&C8&+(%! 9)?&! )!
(&+-&+;/! (*! ;*8A'&%%! 8$;'*-*8)$+%! '&<)($?&! (*! (9&! ;)%&! *=! A7'&</! $%*('*A$;!
b-&+%$(/X-&A&+-&+(c! $+(&');($*+%! .&(S&&+! %&C8&+(%Q! 6$8$<)'! ('&+-%! )'&! *.%&'?&-!
=*'!$+(&'=);$)<!S$-(9%!)+-!-*8)$+!%A);$+C!*=!.*(9!(9&!;/<$+-&'!b%8)<<!!c!)+-!$+?&'%&!
;/<$+-&'!b<)'C&!!c!A9)%&%Q!
G$+)<</R!S&!)+)</a&!(9&!$+=<7&+;&!*=!*'$&+()($*+)<!%($==+&%%R! R!*+!(9&!A'*=$<&%!
*=! 8*+*8&'! ;*+;&+(')($*+! )+-! ?&;(*'! *'-&'! A)')8&(&'Q! G$C7'&! iQf! %9*S%! (9&!
A'*=$<&%!*=!"X8*+*8&'!)+-!! ! !=*'!)!<)8&<<)'!8*'A9*<*C/!)(!! ! !!!"!)+-!!" ! !"!
=*'!(9'&&!?)<7&%!*=!(9&!G')+T!;*+%()+(R! ! !R!!!!!)+-!!!!Q!^*().</R!(9&!;*8A*%$($*+!
A'*=$<&!$%!'&<)($?&</!$+%&+%$($?&!(*!(9&!?)<7&!*=! R!;*+%$%(&+(!S$(9!(9&!*.%&'?)($*+!(9)(!
(9&! $+(&'-*8)$+! $+(&'=);&!-*&%!+*(!-&A&+-!%('*+C</!*+! %($==+&%%Q!E9&!?&;(*'!*'-&'!
!! LKK!
A)')8&(&'! &U9$.$(%! )! ;9)');(&'$%($;! *%;$<<)(*'/! ?)'$)($*+! );'*%%! (9&! <)8&<<)'! <)/&'!
%$+;&!(9&!t-*7.<&X<)/&'u!8*'A9*<*C/!+&;&%%)'$</!$+('*-7;&%!%*8&!(&+-&+;/!*=!;9)$+!
%&C8&+(%! (*!*'$&+(! ='*8! (9&!8$-XA<)+&!*=! (9&! <)/&'R! *7(S)'-%! (*! (9&!"Y! $+(&'=);&Q!
,&'9)A%!;*7+(&'$+(7$($?&</R!(9&!<)'C&%(!8)C+$(7-&!*=!! ! !$%!A'&-$;(&-!=*'! ! !R!(9&!
%()+-)'-! :)7%%$)+! ;9)$+! 8*-&<! *=! YD,%R! S9$<&! (9&! 8)U$878! -&C'&&! *=! %&C8&+(!
*'$&+()($*+! -&;'&)%&%! -')%($;)<</! b! !"#c! )%!! !$%! $+;'&)%&-! (*!!!! Q! E9$%! ('&+-!
-&'$?&%! ='*8! (9&! =);(! (9)(! &?&+! $+! (9&! ).%&+;&! *'$&+()($*+X-&A&+-&+(! $+(&');($*+%!
8$;'*-*8)$+!=*'8)($*+!'&B7$'&%!(9&!-&?&<*A8&+(!*=!)!%A)($)<</!?)'/$+C!A)((&'+!*=!
%&C8&+(! *'$&+()($*+Q! 4&+;&R! (9&! )--$($*+)<! ;*%(! *=! (9&! %A)($)<! C')-$&+(%! *=!! ! !
);;*7+(%! =*'! (9&! -&;'&)%&! $+! (9&! 8)U$878! -&C'&&! *=! %&C8&+(! *'$&+()($*+! S$(9!
$+;'&)%&-! Q!
!

!! LKJ!
!
5<JK;:'O8P',<*(%!*=!(9&!A'*=$<&%!b)c! ! ! !)+-!b.c!! ! !);'*%%!)!%/88&('$;!b! ! !!!c!
<)8&<<)'!A9)%&!$+!(9&!%('*+CX%&C'&C)($*+!<$8$(!b!" ! !"c!)+-!=*'!(9'&&!-$==&'&+(!
?)<7&%!*=!*=!G')+T!&<)%($;!;*+%()+(R! ! !R!!!!')+-'!!!Q!4&'&R!!!$%!(9&!-$'&;($*+!+*'8)<!
(*!(9&!<)8&<<)'!<)/&'%Q'
!
O8L8> /<MBK;:'HG'1HA:MKA@;'/@MT<DJ'<D'2B;HDJ^2:J;:J@B<HD'):J<I:'
E*!7+-&'%()+-!(9&!(9&'8*-/+)8$;!$+=<7&+;&!*=!*'$&+()($*+)<!$+(&');($*+%!*+!
)%%&8.</!(9&'8*-/+)8$;%!$+!(9$%!8*-&<R!S&!;*+%$-&'!)!%('*+CX%&C'&C)($*+!?$&S!*=!
(9&!8$;'*-*8)$+!)%%&8.<$&%Q!E9&!%('*+CX%&C'&C)($*+!(9&*'/!*=!:)7%%$)+!;9)$+!.<*;T!
;*A*</8&'%! $%! S&<<X-&?&<*A&-! (*! );;*7+(! =*'! (9&! '&<)($?&! ;*+('$.7($*+%! *=! ;9)$+!
%('&(;9$+C!)+-!$+(&'=);$)<!;*+();(!.&(S&&+!"Y!-*8)$+%!$+!(9&!;<)%%$;)<!8*'A9*<*C$&%!
!! LKM!
b%A9&'&%R! ;/<$+-&'%R! )+-! <)8&<<)cML! )%! S&<<! )%! (9&! 8*'&! ;*8A<&U! .$;*+($+7*7%!
8*'A9*<*C$&%QMJRMM! 57'! A'&%&+(! C*)<! $%! (*! B7)+($=/! (9&! )--$($*+)<! C')-$&+(! ;*%(%! *=!
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